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, PROGRAM AND ABSTRACTS OF PAPERS | 


‘FIFTH CITRUS PROCESSING CONFERENCE ; 


October ll, 1955 » 


“Florida Room, Citrus Building 
Winter Haven, Florida, 


It would be appreciated if no part of any abstract 
in this Program and Abstracts of Papers is repro= 
duced or used without consulting the author or 
organization concerned, The abstracts were prepared 
for the benefit of those attending the conference 
and are not available for general distribution. 
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ORGANIZATIONS PARTICIPATING 
in 
FIFTH CITRUS PROCESSING CONFERENCE 


«. 


SOUTHERN UTILIZATION RESEARCH BRANCH 
Citrus Products Station, Winter Haven, Florida 
Fruit and Vegetable Products Laboratory, Weslaco, Texas 


WESTERN UTILIZATION RESEARCH BRANCH 
Fruit and Vegetable Chemistry Laboratory, Pasadena, Cal. 
Western Regional Research Laboratory, Albany, Cal. 


EASTERN UTILIZATION RESEARCH BRANCH 
Eastern Regional Research Laboratory, Philadelphia, Penna. 


* 
CONTINENTAL CAN COMPANY, INC., CHICAGO, ILL. 


Under a Memorandum of Understanding conducts cooperative 
research on the heat treatment of citrus juices with the 
United States Department of Agriculture at the U. S. Citrus 
Products Station, Winter Haven, Florida. 
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PROGRAM 
of 
CITRUS PROCESSING CONFERENCE 
October 11, 1955 


MORNING SESSION 
Chairman; M. K. Veldhuis, In Charge 
Citrus Products Station 


Winter Haven, Florida 


9:30 A.M. Opening Remarks 


Page 
93:40 Growth Rates of Lactobacillus and Leuconostoc Species 
in Orange Concentrates. 3 
N. B. Rushing, M. K. Veldhuis and V. J. Senn, 
Citrus Products Station, Winter Haven, Fla. 
10:05 Theory and Practice of Dairy Waste Treatment by 
Optimal Aeration. 6 
Nandor Porges, Eastern Regional Research Laboratory, 
Philadelphia, Pa. 
10:35 Color Analysis of Ruby Red Grapefruit. 8 
B. J. Lime, T. S, Stephens and Francis P. Griffiths, 
Fruit and Vegetable Preducts Laboratory, Weslaco, Tex, 
11305 Composition of Hand Reamed Juice, Commercially Extracted 
Juice, and Peel Juice of Oranges at Weekly Intervals 
During the 1954-55 Season. fe) 
Lyle J. Swift, Citrus Products Station. 
11:30 Preliminary Studies on the Relationships Between 
Refractive Index, Soluble Solids Content, and Density 
of Citrus Juices and Concentrates, 10 


Donald A, Morgan and W. Clifford Scott, Citrus 
Products Station. 


12 :00 Recess for lunch 
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AFTERNOON SESSION 


Chairman: Vernon H. McFarlane 
Fruit and Vegetable Section 
Southern Utilization Research Branch 
New Orleans, Louisiana 


Mechanisms of Cloud Loss in Frozen Orange Concentrates. 
R. J. MoColloch, Fruit and Vegetable Chemistry 
Laboratory, Pasadena, Calif. 


A study of Seasonal and Varietal Factors as Related 

to Heat Stabilization of Frozen Orange Concentrate. 
R. B. Guyer and W. M. Miller, Continental Can 
Company, Inc., Chicago, Ill., and 0. W. Bissett 
and M. K. Veldhuis, Citrus Products Station. 


The Production and Stability of "Hi-Brix" Frozen Orange 
Concentrate (58.5° Brix). 
O. W. Bissett and M. K. Veldhuis, Citrus Products 
Station and R. B. Guyer and W. M. Miller, 
Continental Can Company, Inc., Chicago, I11l. 


Changes in the Carotenoid Pigments of Valencia Orange 
Juice During Concentration, Powder Preparation, and 
Storage of Powder. 
A, Laurence Curl, Western Regional Research 
Laboratory, Albany, Calif. 
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GROWIH RATES OF LACTOBACILLUS AND LEUCONOSTOC SPECIES 
IN ORANGE CONCENTRATES 


N. B.(|RUSHING, M. K. \VELDHUIS AND V. J./SENN 
Citrus Products Station 
Winter Haven, Florida 


Certain species of bacteria are known to be capable of causing the type 
of spoilage of orange concentrates known as "buttermilk off-flavor". 
Growth rates were determined for two strains each of Lactobacillus brevis, 
L. plantarum, var. mobilis, Leuconostoc dextranicum and i. mesenteroides 
Which had been isolated from commeroial concentrates exhibiting this type 
of spoilage. These experiments consisted of two parts: the first part 
was concerned with the influence of pH, and the second part with the con= 
centration of orange juice on the growth rates. In the first part of the 
study growth rates were determined for 12° and 18° Brix orange juices at 
pH values of 3.4, 3.6, 3.8, and 4,0. In the second part growth rates were 
obtained for concentrations of orange juice at 12°, 18°, 24°, 32°, 37°, 
and 42° Brix adjusted to pH 3.8. A report on the growth rates of these 
organisms at 12° Brix and pH 3.4, 3.6, 3.8, and 4.0 was given last year 
and is not included in this discussion, 


Growth rates of all species decreased with increasing concentration and 
increased with increasing pH. The effect of concentration was roughly 
parallel for all species, but marked differences were observed in response 
to pH variations, The lactobacilli were less sensitive than either of the 
Leuconostoo species, and L. mesenteroides was far more affected by pH 
change than were any of the others. iL. mesenteroides was killed slowly 

at high acidity or high concentration and L. brevis at high concentration, 
There was no significant difference in response between strains of the 
same species, The results of this investigation are summarized in Table I. 


Generation times are given in Table II. The shortest generation time 
found in the entire series of studies was 1.4 hours for L. mesenteroides 
in 12° Brix juice at pH 4.0. Because generation times were so long it is 
believed unlikely that off-flavor due to growth of these organisms can 
develop in a commercial concentrator unless static pockets or films of 
juice exist. 
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pete 1 = Effect of pH and concentration of orange juice on the growth rates of 
four species of bacteria. 


Orange juice Lactobacillus Lact. plant. Leuconostoc Leuconostoc 
: brevis var. mobilis dextraniocum mesenteroides 
degrees strain no. strain no. strain no. strain no. 
Brix pH B27 B28 B29 B32 B34 B35 B42 B47 
12 3,8 2077 2079 2094 2093 eioT ekod eb 152 
18 3.4 027 «026 035 =,036 2033. 6 033 ~.037 =,035 
006 2058 037 2047 2044 O51 2056 #,025 #,024 
5.8 2067 .063 O76 2073 2089 O09 e081 2081 
4,0 2086 086 .098 095 ell4 Pe oe 210 ng 6 
24 5.8 0954 054 2065 062 aOTt OTS 2065 067 
32 3,8 @Oolk 037 2048 ~048 ~042 044 2037 037 
37 3.8 0057 .0158 025 2023 2023 029 2024 sDEZ 


42 548 -,021 —,026 -014 .012 014 3,014 -.006 #.003 
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Table 2 = Generation times in hours of Lactobacillus and Leuconostocs species 
in orange juice or concentrates at various pHs. 


Grange juice Lactobacillus Lactobacillus Leuconostoc Leuconostoo 
degrees brevis plantarum dextranioum mesenteroides 
Brix pH var. mobilis 
12 3.8 $3.9 3.6 2.2 2.3 
18 3.4 10.7 8.4 ay: * 
3.6 7.9 6.7 5.6 * 
3.8 4,6 4.0 3.3 Pe f 
4,0 3.5 3.1 ees § 3.0 
24 3.8 5.6 4.7 4.2 4.6 
32 3.8 8.8 6.3 7.0 8.1 
37 3.8 rd a 12.5 11.6 Loan 
42 3.8 se re S2% * 


, Negative growth rates were encountered under these conditions. 
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THEORY AND PRACTICE OF DAIRY WASTE TREATMENT BY OPTIMAL AERATION 


NANDOR \PORGES 
Eastern Regional Reséarch Laboratory 
Philadelphia 18, Pennsylvania 


A treatment for the disposal of dairy waste developed at the Eastern 
Regional Research Laboratory has proven to be of considerable interest 
to the dairy industry and might also be of interest to the citrus indus= 
try. The treatment accelerates the natural process of converting organic 
polluting substances to harmless material. It utilizes the oxidative 
activity of microscopic life feeding upon organic matter present in dairy 
waste requiring oxygen to maintain this life activity. Sufficient air is 
supplied in order that adequate amounts of oxygen are available when 
needed. 


Laboratory studies showed that adequate aeration and rigorous agitation 
prevent odor and acid formation in the complete treatment of 1000 ppm 
dairy waste, One pound of available oxygen in solution is required to 
oxidize waste with an oxygen demand of one pound. At first the waste is 
removed from solution and assimilated, During this assimilation phase 
about 37.5% of the total oxygen is utilized in the short span of 3 hours 
by 1000 ppm sludge, producing 500 ppm new sludge. The sludge also oxie# 
dizes itself at the rate of one percent of its own weight per hour by 
endogenous respiration. The rate of oxygen utilization is very low in 
this phase. 


Equations based upon the chemical composition of the waste and sludge are 
given to show these changes. 


In generals 


Organic wastes + Op assimilation cells + COp + H20 
and celis + O» endogenous resp. COp + NHg + H20 


Specifically for milk wastes: 


(sugar) (protein) (cells ) 


(cells ) 


The data have been applied in the development of treatment units on pilot 
plant and industrial size. A research project sponsored by U.S.D.A. at 
the Pennsylvania State University successfully treated 10,000 gallons of 
waste daily from the University Creamery. Milk solids were oxidized with= 
out odor when sufficient oxygen was available. After evaluating a number 
of non=mechanical proprietary aerating devices, Professor of Sanitary 
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Engineering, R. R. Kountz, seleoted a Penberthy Ejector, tye XL-96, size 
7A (steam nozzle) to supply oxygen in solution by direot aspiration from 
the atmosphere, Excess sludge was no problem since endogencus respiration 
destroyed 20% of the sludge daily. Conditions were establisned wherein 
the new cells produced from the milk wastes replaéed thé amount lost by 
endogenous respiration, 


A filleand=draw commé@rcial unit was designed and put into operation by 
Prof. Kounts to handle 25,000 gallons waste daily with a C.0.D. of 2000 
ppm. <A 37,500 gallon tank with an effluent pipe at the 9,000 gallon level 
is uséd. Aeration is stopped for 6 hours to allow gells to settle and to 
drain out the 25,000 gallons clear supernatant. The sludge concentration 
is 5,500 ppm, giving a total of 750 pounds of sludge solids. Endogenous 
respiration required 9.4 pounds oxygen per hour to oxidize 150 pounds 
cells. During the 8 hours of waste flow, 17 pounds of oxygen are required 
per hour in the assimilation phase for the conversion of the 500 pounds 

of milk solids in the waste, Thus 26.4 pounds oxygen are needed per hour 
for the first 8 hours, The 150 pounds of cells that are produced replace 
those oxidized by endogenous respiration, 


The onestank filleandedraw process is practically automatic and if left 

undisturbed gives 95% removal of B.0.D. and produces no disagreeable end 
products. A continuous process incorporating these principles is under 

deve lopment. 
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7? COLOR ANALYSIS OF RUBY RED GRAPEFRUIT 


B. J.\ LIM, T. S. STEPHENS, AND FRANCIS P.) GRIFFITHS 
“Fruit and Vegetable Products Lab OENRy 
Weslaco, Texas 


Color comparison and analysis of fruit from four groves of Ruby Red Grape- 
fruit were made at two week intervals during the 1954-55 grapefruit season, 
Color measurements on 30 cut surfaces of halved fruit were made with a 
Gardner Automatic Color Difference Meter, using the small illumination 
opening. Four segments were removed from each half of each 30 fruit sam= 
ple; blended, deaerated, and the color and reflectance of the blended 
Sample measured. Brix, acid, and naringen values were also determined, 


Carotene and lycopene of the blended samples were determined by two methods. 
(1) A standard procedure which separates the two pigments chromatographi= 
cally, and (2) a shorter method which measures the absorption of a hexane 
extract at wave length 455 mu (maximum for carotene) and 505 mu (maximum 
for lycopene). From these values total pigmentation in terms of lycopene 
and carotene is calculated by use of simultaneous equations. 


Results obtained by the short method are about 40% higher for lycopene 
and 20% for carotene because closely related pigments are not removed on 
a chromatographic column as is done in the longer procedure. The ratio 

of a (redness) over b (yellowness) determined by the Gardner Automatic 
Color Difference Meter, shows close correlation with the ratio of lycopene 
over two times carotene (1/2c) obtained by the short procedure. 


Color differences between individual fruit were greater than measured dif- 
ferences of composite samples. Composite samples of fruit from two groves 
on sandy loam soil were slightly more colored than samples of fruit from 
two groves on heavier clay soil, Seasonal color variations in fruit 
paralleled that observed and reported previously, maximum color existing 
prior to maturity, decreasing sharply during December, January, and 
February, and continuing to fade slightly during the remainder of the 
season, 


It is concluded that the ratio of a over b as measured by the Gardner Auto= 
matic Color Difference Meter on blended samples of fruit pulp provides a 
reproducible index of color intensity. 
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' COMPOSITION OF HAND REAMED JUICE, COMMERCIALLY EXTRACTED JUICE, AND PREL 
JUICE OF ORANGES AT WEEKLY INTERVALS DURING THE 1954-55 SEASON ~ 


LYLE JAMES |SWIFT 
Citrus Products Station 
Winter Haven, Florida 


Excessive extractor finisher pressures are generally considered to be 
related to gelation and clarification problems in orange concentrates, 

but little is known of other possible effects such as the influence on 
flavor, titratable acidity, pH, density, and soluble solids as well as on 
the contents of sugars, soluble pectic substances, flavonoids, etc. The 
present study was undertaken to supply some of this information and, if 
possible, to devise a test for the amount of peel extract in citrus juices. 


For the collection of samples a concentrate plant was chosen in which the 
peel juice passes directly from the Pipkin presses to the oil centrifugals 
without dilution with water. In addition to centrifuge effluent, samples 
of the commercial orange juice were always taken as well as oranges from 
which the juice was later carefully expressed by hand. All samples were 
collected at weekly intervals throughout the season and were frozen and 
stored until the collection was complete. At this time the samples were 
thawed, filtered by suction with Hyflo-Supercel, reseaied in 4-o0z. cans, 

, and refrozen until they were withdrawn for analysis, 


Titratable acidity was always lowest in the peel juices and usually 
highest in the handepressed juices with the commercial juices usually 
falling in between which might be indicative of peel juice contamination, 


Soluble pectic substances were always highest in the peel juices. Except 
for a few samples taken early in the season, these substances were higher 
in the commercial juices than in those that were hand pressed. 


The diacetyl was always highest in the peel juices and was usually some= 
what higher in the commercial juices than in the hand pressed. Diacetyl 
in all types of juices rose steeply at the end of the season, 


Both reducing and nonereducing sugars trended upward as the season proe 
gressed. This was true in the peel juice as well as in the commercial and 
hand-pressed juices. In general, the reducing and nonereducing sugars 
were present in about equal amounts in all the types except early season 
peel juice where the reducing sugars averaged about 50% higher than the 
non-reducing sugars. 
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Y 
PRELIMINARY STUDIES ON THE RELATIONSHIPS BETWEEN REFRACTIVE INDEX, 
SOLUBLE SOLIDS CONTENT, AND DENSITY OF CITRUS JUICES AND CONCENTRATES ‘ 


DONALD A.|MORGAN AND W. CLIFFORD /scort 
Citrus Products Station 
Winter Haven, Florida 


Industry advisory committees have pointed out the need for improvement 
in the accuracy of refractometric determinations of soluble solids in 
citrus concentrates. Preliminary investigations at the Station have 
indicated the diversity and magnitude of problems involved, and these 
are reported here, 


Temperature corrections are not included in this study, as facilities are 
available for conducting investigations on effects of other variables at 
& constant temperature of 20° + 0,05° C, 


Refractometer soales in use are based on the refractive index of solutions 
of pure sucrose. The only correction commonly applied for normal constite 
uents of orange juice products is for citric acid. Stevens and Baier, in 
1939, determined the refractive index and Brix of solutions of known citrio 
acid content, and prepared tables of correction factors for refractometer 
readings. They recognized, but dismissed as relatively unimportant, the 
effect upon refractive index of invert sugar, ash, insoluble solids and 
essential oils, 


Citric acid is a triebasic acid which, in distilled water, has a pH of 
2.6, The pH of orange juice indicates partial neutralization in vive, 
with only about two=thirds of the citrate content being titratable acid. 
Fortunately, the refractive index of potassium citrate is very close to 
that of sucrose and its presence in expected amounts should result in 
refractometer readings for 42° Brix concentrate about 0,1° Brix too high, 


Since approximately half of the sugars in citrus juices are invert, it 
appears that refractive indexesucrose tables should not be used without 
modification. Available information (Browne and Zerban) indicates that 
the refractive index of glucose is very close to that of sucrose, while 
the refractive index of fructose is appreciably lower, In orange juice, 
fructose constitutes about one-fourth of the total sugars present. Cale 
culations based on existing tables indicate that this constituent should 
cause refractometers to read about 0,25° Brix too low in indicating the 
total soluble solids content of 42° Brix orange concentrate, 


An important constituent of citrus juices which causes trouble in the 
refractometric determination of soluble solids is the pulp, or insoluble 
solids. The refractometer is influenced only by the solids dissolwed in 
the aqueous phase of the mixture, and therefore gives an erroneously high 
reading. For example, consider a sample of concentrate containing 42 
grams soluble solids, 2 grams insoluble solids, and 56 grams of water. 
This mixture contains 42% soluble solids, but the aqueous phase contains 


42/98, or 42.85%, soluble solids. 
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Powdered orange juices are being used in studying the effects of various 
constituents on refractive index. These powders are prepared in the 
laboratory vacuum shelf drier from citrus juices of different varieties 
and maturities, and include wide variations in pulp and acid content. 

By determining moisture and insoluble solids content, soluble solids can 
be calculated accurately. Refractometer readings and density determina- 
tions were made on samples reconstituted to about 55°, 42°, and 12° Brix, 


Efforts to achieve the high order of accuracy needed have been fraught 
with difficulties. Reading of even the Precision refractometer is diffie 
cult because of the light scattering effect of citrus concentrates. Slight 
errors in the determination of moisture by the Karl Fisher method in citrus 
powder can introduce a serious error in the preparation of samples of known 
soluble solids content. Citrus powders are very hygroscopic and all trans- 
fers must be made in a low humidity cabinet. Extreme care must be taken 
to avoid loss of soluble solids during reconstitution, and to ensure a per- 
fectly homogeneous concentrate free of air, 


These investigations have been underway only a short time. To date, ef- 
forts have largely been directed toward overcoming many of the difficulties 
mentioned above. Sufficient data has been secured to indicate that errors 
arising from the heterogeneous nature of citrus juices are important, but 
a great deal more data must be obtained and analyzed before correction 
factors can be recommended. 
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/‘ MECHANISMS OF CLOUD LOSS IN FROZEN ORANGE CONCENTRATES 


R. J. | McCOLLOCH 
Fruit and Vegetable Chemistry Laboratory 
Pasadena 5, California 


Studies on the effeot of heat treatment on pectinesterase (FE) activity 
and on cloud stabilization conduoted at the Pasadena Laboratory, and con= 
firmed by the work of other laboratories, have demonstrated a notable 
lack of correlation between PE activity and cloud stability. These and 
other studies have led to a rewexamination of the known facts concerning 
the properties and activity of citrus PE. A survey of the literature ree 
veals that there is at present nothing better than circumstantial evidence 
linking PE activity to cloud loss. The only available studies of the pro= 
perties of this enzyme have been conducted in vitro under conditions which 
make it unsafe to extrapolate the information obtained to the medium of 
orange concentrates. 


Consequently studies have been initiated at Pasadena to determine factors 
in orange concentrates which affect cloud stability and to relate the 
effect of these factors on cloud stability to a corresponding effect of 
PE activity. As a result of these studies it can be shown that the chare 
apteristic variation of cloud stability with concentration in orange juice 
is largely governed by concomitant variations in sugar and citrate concene 
trations. However, sugar and citrate tend to inhibit PE activity and 
appear to produce maximum inhibition at the concentration level where 
minimum cloud stability is observed. These and related observations have 
made it appear that PE activity is not the principal factor in determining 
cloud loss. 


Investigations of other possible mechanisms of cloud loss have, therefore, 
been carried on, As a result several other hydrolytic enzyme systems have 
been found to bring about varying degrees of cloud loss. Of greater in= 
terest, however, are results which appear to implicate biological oxida- 
tion=reduction systems in cloud loss, Studies based on the supposition 
that oxidationereduction systems may be involved in cloud loss have al- 
ready produced results of practioal value. In general cloud loss in orange 
concentrates is found to be accelerated by compounds which are good proton» 
donors. Some of these compounds, such as glutathione and various phenolic 
compounds, occur naturally in orange juices. Many compounds which oan act 
as proton=acceptors tend to inhibit cloud loss. The most notable of these 
is fumario acid, a natural constituent of most food materials and an im= 
portant intermediate in biological oxidation-reduction systems. Both 
fumaric acid and its simple salts bring about 5(% or greater inhibition 

of cloud loss in California orange concentrates when added at the 0.0265 
molar level. 


Studies are continuing to unravel the apparently complex system of enzy= 
matio and noneenzymatic mechanisms of cloud loss. Judging by results 
already obtained, it seems not unreasonable to assume that a thorough 
understanding of the mechanism of cloud loss may lead to chemical methods 
of completely stabilizing cloud without resort to heat treatment. 
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_ A STUDY OF SEASONAL AND VARIETAL FACTORS AS RELATED TO 


HEAT STABILIZATION OF FROZEN ORANGE CONCENTRATE Y, 


R. B. GUYER AND W. M.\ MILLER 
Metal Division Research & Development 
Continental Can Co., Inc. 
Chicago, Illinois 


O. W. BISSETT AND M. K. VELDHUIS 
U.S.Citrus Products Station 
Winter Haven, Florida 


During the past three Florida citrus seasons, the Continental Can Company 
and the U.S.D.A. have conducted a cooperative project at their Citrus 
Products Station in Winter Haven, Florida, This project was undertaken 
to study heat stabilization of frozen orange concentrate and has included 
investigations of heat stabilization time and temperature studies, the 
effect of heat treatment at various stages of concentration, a comparison 
of several methods of heat stabilization, the stability of high Brix con- 
centrate, and a study of varietal and seasonal changes as related to heat 
stabilization. The following report deals with the latter phase of the 
investigation, 


This study was carried out during the 1952-53 season on Pineapple and 
Valencia varieties and during the 1953-54 season on the Hamlin, Pineapple, 
and Valencia varieties. For the purpose of this study, oranges were 
picked either once a week or once every two weeks from selected groves 

and trees. In this way each harvest date represented a change in maturity 
since the oranges came from the same trees at each picking. The juice 

was extracted and heat stabilized at either 150°, 160°, 170°, 180°F, for 

5 seconds in a small tube turbulant flow heat exchanger, The heatetreated 
juice was concentrated to 55° Brix in a pilot plant evaporator and was 

cut back to 42° Brix with unheated single strength juice. 


The results indicated little or no effect of maturity on enzyme inacti-= 
vation for Hamlin and Pineapple varieties, However, it was noted that 
heat treatment at 150°F, and 160°F. in the early season for the Valencia 
variety was more effective than later in the season. 


In comparing the cloud stability of the three varieties, it was noted that 
concentrate made from Valencia orange juice was more stable than concen= 
trate made from either Pineapple or Hamlin juice. In turn, the concen- 
trate made from Pineapple juice was somewhat more stable than that made 


from Hamlin juice. 


In comparing the effect of various heat treatments on cloud stability, it 
was noted that heat treatment of juice from Hamlin oranges even at 180°F, 
retarded cloud loss for only seven days when stored at 40°F, Pineapple 
orange juice heat stabilized at temperatures up to 180°F, remained stable 
for 14. days. On the other hand, Valencia concentrate variables remained 
stable for much longer periods with heat treatment of 150°F, or 160°F. for 
5 seconds. 
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No significant difference was noted concerning the effect of packing 
dates on cloud stability for the Hamlin and Pineapple varieties. Cone 
centreates made from early season Valencia fruit heat-treated at 150°F. 


or 160°F, showed greater response to the heat treatment than concentrate 
made from late season fruit given the same treatment, 
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© THE PRODUCTION AND STABILITY OF "HI=BRIX" FROZEN 
ORANGE CONCENTRATE (58.5° Br rf \ 
a 


O. W. (BISSETT AND M. K. (VELDHUIS 
Citrus Products Station 
Winter Haven, Florida 


R. B.|GUYER AND W. M. \MILLER 
Metal Division Research & Devel opment 
Continental Can Company, Inc. 
Chicago, Illinois 


Cooperative investigations during the past three seasons between the Cone 
tinental Can Company, Inc., and the U.S.D.A. (Citrus Products Station) 
have been concerned with the heat stabilization of frozen concentrated 
orange juice. They have been divided into the following projects: 


1. Effect of heat treatment on enzyme inactivation, cloud stabili- 
zation, and flavor, 

2. Effect of varietal and seasonal changes, 

5. Effect of heat treatment at intermediate stages of concentration. 

4. Evaluations of methods of heat stabilization, 

5. Production and stabilization of 5 plus 1 concentrate. 


Results of only the last project are reported here. 


A sufficient quantity of Valencia oranges were harvested at one time to 
supply all the juice used in this study. They were stored at 40°F,, and 
boxes removed in randomized manner for each day's run. Juice was ex- 
tracted each day, screened and held at 40°F, in a coldwall tank until 
used. When heat treatment was used, it was applied either with a smalle 
tube turbulent-flow or a commercial plate=type heat exchanger. 


This investigation was divided into three parts. The first was designed 
to compare the relative stability of 42° Brix and 58.5° Brix concentrates, 
Unheated juice and juices heated to 150°, 160°, 170°, and 180° F. were 
used in the study. The 42° Brix concentrates were prepared by concentrate 
ing to 55° Brix and cutting back with unheated juice. The 58,5° Brix 
samples were prepared by concentrating to 68° Brix and cutting back with 
unheated juice. Comparisons were made at stated intervals during six 
weeks of storage at 40° F, Tests included residual enzyme activity, cloud 
stability, and flavor. There was no appreciable difference in the resid- 
ual pectinesterase between products receiving similar heat treatments, 

The high=Brix concentrates were inherently more stable than those of 42° 
Brix. Heat treatment of the 42° Brix products at 150° F. resulted in 
cloud stability approximately equal to that of unheated high=Brix con= 
centrates, while heat treatment at 150° F, was sufficient to impart cloud 
stability for the entire 42 days to the 58.5° Brix products, Residual 
pectinesterase activity and cloud stability data did not indicate any 
difference in the effectiveness of the two heat exchangers used. 
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The second part of the experiment was designed to find whether high=Brix 
Valencia concentrate could be stabilized by heat treating only a portion 
of the evaporator feed juice. Unheated juice and juices heated to 150°, 
160°, 170°, and 180° F. were respectively concentrated to 68° Brix. Un- 
heated and heat-treated concentrates were then blended in six different 
ratios. One part of heat stabilized concentrate added to three parts 
unheated concentrate greatly improved the stability over the control, 
while a 5050 mixture provided complete stability for the entire 42 days. 
No advantage was demonstrated by treatment of the evaporator feed juice 
at temperatures above 150° F, 


The third part of the experiment was designed to determine the optimum 
ratio of concentrate to cutback juice in the preparation of high=Brix oone= 
centrate. Both heated and unheated portions of juice were concentrated 
to 62°, 64°, and 66° Brix and out back to 58.5° Brix with unheated juice, 
Unheated controls were stable for 9 days at 40° F., while all products 
containing heated juice were stable for the entire 42 days of observation, 


Flavor comparisons were made between 42° and 58.5° Brix concentrates pree 
pared from juice stabilized at the various temperatures with both the 

small tube and the plate heat exchangers. No differences could be detected 
between the degrees of concentration, the temperatures used, or the two 
types of heat exchangers. 
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"* CHANGES IN THE CAROTENOID PIGMENTS OF VALENCIA ORANGE JUICE DURING 
CONCENTRATION, POWDER PREPARATION, AND STORAGE OF POWDER y 


A. LAURENCE \CURL 
Western Regional Research Laboratory 
Albany 10, California 


The off-flavor which develops in canned orange juice or powder on prolonged 
storage may originate, at least in part, in the carotenoid pigments. The 
carotenoids of California Valencia orange juice were previously investi- 
gated, Countercurrent distribution in a glass Craig apparatus was employed 
to separate the carotenoids into six fractionseehydrocarbons, monols, diols, 
monoether diols, diether diols, and polyols. These fractions were then 
resolved by chromatography into 26 components, not counting cis=isomers 
which may be artifacts. Five of these contained epoxide groups, 9 furanoxe- 
ide groups and two both groups. These cyclic ethers amount to over half of 
the carotenoid content of orange juice. 


The carotenoids were investigated in a similar manner in samples of frozen 
Singléestrength and concentrated juices prepared from Florida Valenoia 
oranges. The total carotsanoid content of the Florida Valencia juice was 
somewhat lower than that found in California Valencia juice, but the quali« 
tative and quantitative composition of the pigment mixtures were quite 
Similar. Three minor constituents were found in the Florida juice which 
have not yet been found in California juice. There was no significant 
difference between the composition of the carotenoid mixtures from the fro- 
zen singleestrength and concentrated Florida juices. 


Powdered juice was prepared by the puffedrying process from the concentrate 
to which had been added additional suspended material (which includes the 
carotenoid pigments) from singleestrength juice. Examination of the car- 
otenoid fraction of the powder showed that a minor part of the carotenoid 
epoxides had been isomerized to furanoxides, This acid-catalyzed isomere- 
ization results in paling of the color since the furanoxides absorb light 
at shorter waveelengths than the corresponding epoxides. There was no 
apparent change in the noneether carotenoids, 


The powdered juice was conditioned for 78 days at 77°F. in order to reduce 
the moisture content to the desired level. Examination of the carotenoids 
at this time showed that over half of the epoxides had been converted to 
the isomeric furanoxides. There were no significant changes in the non= 
ether carotenoids, Included in the latter are the provitamins A, coryptox= 
anthin, B= and a=carotenes. The conditioned powder is now undergoing 
storage for six months at 100°, following which it is planned to examine 


the carotenoids again. 


The carotenoid epoxides are mild oxidizing agents, Reactions involving 
this property may result in substances causing off-flavor, either from the 
carotenoids themselves or from the accompanying lipides. 
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PUBLICATIONS 
Application of Countercurrent Distribution to Valencia Orange Juice 


Carotenoids. A. is Curl, J. Agr. Food Chen. , i, 456 (1953). 


Polyoxygen Carotenoids of Valencia Orange Juice. A. L. OQurl and 
G. F. Bailey, J. Agr. Food Chem., 2, 685 (1954), 


The State of Combination of the Carotenoids of Valemoia Orange Juice. 
A. L,. Curl and G. F. Bailey, Food Research, 20, 371 (1955). 


